Systemic signaling in tomato plants for defense against herbivores. Isolation and characterization of three novel defense-signaling glycopeptide hormones coded in a single precursor gene.
An 18-amino acid peptide in tomato leaves called systemin is a primary signal released at wound sites in response to herbivory that systemically signals the activation of defense genes throughout the plants. We report here the isolation of three hydroxyproline-rich glycopeptides from tomato leaves, of 20, 18, and 15 amino acids in length, that signal the activation of defense genes, similar to the activity of the systemin peptide. The three new peptides cause an alkalinization of suspension-cultured cells and induce the synthesis of defensive proteinase inhibitor proteins when supplied at fmol levels to young tomato plants through their cut stems. This suggests that they are part of the wound signaling of tomato plants that activates defense against herbivores and pathogens. Isolation of cDNAs coding for the tomato peptides revealed that they are all derived from the same pre-proprotein precursor that is systemically wound-inducible. The peptides are considered members of the functionally characterized systemin family of defense signals from plants that are synthesized both in wounded leaves and in distal, unwounded leaves in response to herbivory or other mechanical wounding. The precursor deduced from the cDNA exhibits a leader sequence, indicating that it is synthesized through the secretory pathway, where it is hydroxylated and glycosylated. The amino acid sequence of the precursor exhibited weak identity to the precursor of two hydroxyproline-rich defense signals recently found in tobacco, suggesting that the two pre-protein precursors have evolved from a common ancestral protein. The identification of hydroxyproline-rich glycoprotein systemins in tomato indicates that the initiation of wound signaling is more complex than previously thought and appears to involve multiple peptide signals.